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Dalfampridine (Ampyra)

An Aid to Walking in Patients with Multiple Sclerosis

Raymond Lamore III, PharmD Candidate, Elsen Jacob, PharmD Candidate,
Susan C. Jacob, PharmD Candidate, and Olga Hilas, PharmD, MPH, BCPS, CGP

INTRODUCTION

Multiple sclerosis (MS) is a neurolog-
ical disorder that affects approximately
400,000 people in the U.S. and 2.5 million
people worldwide, with women twice as
likely to be affected as men.'™® This
chronic disease stems from an auto-
immune process characterized by axonal
demyelination, which leads to inflamma-
tion within the central nervous system
(CNS). MS is manifested by mental and
physical symptoms characteristic of the
illness.%’

Risk factors for MS include ethnicity,
genetics, and geographic location.* The
initial clinical presentation of MS is usu-
ally seen between the ages of 20 and 40
years.?® Patients typically present with
weakness in the limbs, problems with
gait and movement, sensory distur-
bances, fatigue, and visual difficulties.
As the disease progresses, clinical symp-
toms begin to reveal cognitive deficits
and increased neuropathic discrepan-
cies.*8

In addition to clinical data, diagnostics
such as neuroimaging, evoked poten-
tials, and cerebrospinal fluid (CSF) are
performed in order to definitively identify
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the presence of CNS lesions that may
vary over time and space.?>”*! Discov-
ering CNS lesions is important and can
be accomplished by using evoked po-
tentials through the stimulation of the
eyes, ears, or peripheral nerve.2” Mag-
netic resonance imaging (MRI) and CSF
abnormalities are also assessed to con-
firm a diagnosis of MS.2” Currently, the
McDonald criteria constitute the most
widely used diagnostic modality because
they focus on clinical, laboratory, and
radiologic data of MS lesions and their
dissemination in time and space.'*'?

There are various identifiable forms
of illness:

e Most patients have relapsing—
remitting MS. Initial symptoms,
upon presentation, do not persist
before the same or new symptoms
appear.

¢ A number of patients have the sec-
ondary progressive form of MS,
with symptoms progressively wors-
ening; periods of remissions are
partial or unrecognized.*” These
patients have disabling symptoms
such as spasticity, exhaustion, visual
disturbances, and difficulty urinat-
ing.b

e A smaller percentage of patients
have primary progressive MS, char-
acterized by advanced symptoms
and disability from the onset of ill-
ness.

e A very small number of patients
have progressive-relapsing MS.57

More than 90% of patients with MS
report difficulty in walking.!* Approxi-
mately half of all M'S patients will require
assistance with ambulation within 15
years of disease onset. Patient mobility is
usually affected, to some extent, from
the time of diagnosis, and it worsens pro-
gressively over time. Many patients pres-
ent with fatigue, coordination difficulties,

post-exercise lethargy, and gait distur-
bances, all of which can compromise mo-
bility.”**® Gait disturbances are particu-
larly disabling and commonly result from
one or more of the following: decreased
muscle strength, spasms, or conduction
and coordination defects.”® Notably,
about 50% of new patients experience loss
of strength or decreased sensation in the
extremities, and 30% of patients have
spasticity that affects movement and
daily living.”1015

MS is managed by agents such as cor-
ticosteroids and immunomodulators,
which are used to treat symptoms, man-
age acute attacks, and slow disease pro-
gression. Other medications are also
available to combat specific manifesta-
tions such as spasticity. Until earlier this
year, physical therapy had been the only
recommended course of action for those
affected by gait disturbances. In January
2010, the FDA approved dalfampridine
(Ampyra, Acorda) to help MS patients
with walking. Dalfampridine was for-
merly known as fampridine.

PHARMACOLOGY AND
MECHANISM OF ACTION'¢-'8

The exact therapeutic mechanism of
dalfampridine is not clear. This potas-
sium channel blocker enhances conduc-
tion in demyelinated axons of animals. In
normal myelinated axons, concentrations
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Figure | Structure of dalfampridine
(Ampyra).
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of sodium channels are increased at the
nodes of Ranvier, which cause action po-
tentials to propagate. However, the area
between the nodes is covered with
myelin and contains a greater number
of potassium channels (with many fewer
sodium channels), which resist the gen-
eration of action potentials.

In axons that are demyelinated, action
potential amplitude and duration are de-
creased because of the potassium chan-
nels that emerge on the axon plasma
membranes. Dalfampridine increases
the amplitude and duration of nerve con-
duction, resulting in enriched nerve con-
duction in demyelinated animal nerves.

Another potential mechanism of ac-
tion includes the upsurge of skeletal mus-
cle-twitch tension caused by the aug-
mentation of synaptic transmission.

PHARMACOKINETICS AND
PHARMACODYNAMICS'"'8

An oral medication, dalfampridine is
quickly and completely absorbed in the
gastrointestinal (GI) tract. It has a rela-
tive bioavailability of 96% and reaches
peak concentration (C,,,,,) within three to
four hours after administration. A slight
and clinically insignificant increase in the
C,ax 0f dalfampridine is noted when it is
taken with food; therefore, this drug may
be taken without regard to meals.

Dalfampridine is 97% to 99% unbound
to plasma proteins. Approximately 95.9%
of a dalfampridine dose is excreted re-
nally in the urine, and 0.5% is eliminated
in the feces. As an extended-release for-
mulation, it has an elimination half-life of
5.2 to 6.5 hours. Within 24 hours of ad-
ministration, almost all of the drug and its
metabolites are eliminated.

The enzyme cytochrome P450 2E1
(CYP 2E1) plays a major role in the con-
version of dalfampridine to its 3-hydrox-
ylated metabolites, most notably 3-hy-
droxy 4-aminopyridine and 3-hydroxy
4-aminopyridine sulfate, neither of which
contributes pharmacologically. The sul-
fate conjugate has a half-life of 7.6 hours.
The halflife of 3-hydroxy 4-aminopyri-
dine has not been determined.

CLINICAL EFFICACY'"20

The FDA'’s approval of dalfampridine
was based on the results of one phase 2
and two phase 3 randomized, double-
blind, placebo-controlled, parallel-group
clinical trials (MS-F202 and MS-F203).
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Table | Ampyra: Summary of Key Information

Brand name (generic name)

Ampyra (dalfampridine)

Pharmacological category

Potassium-channel blocker

Indication

To improve walking in multiple sclerosis patients

Dosage

10 mg by mouth every |2 hours;
maximum daily dose, 20 mg

Adverse reactions (>2%)

Urinary tract infection, insomnia, dizziness, headache,
nausea, asthenia, back pain, balance disorder, multiple
sclerosis relapse, paresthesia, nasopharyngitis,
constipation, dyspepsia, pharyngolaryngeal pain

Contraindications

History of seizure; moderate or severe renal impairment
(creatinine clearance <50 mL/minute)

Currently, three ongoing, long-term
safety extension trials are also being con-
ducted (MS-F202 Ext, MS-F203 Ext, and
MS-F204 Ext).

Goodman et al.'” (MS-F202)

A phase 2 study was conducted to eval-
uate the safety and efficacy of three
different strengths of dalfampridine (for-
merly fampridine) in 24 centers through-
out the U.S. and Canada. Patients were
randomly assigned to receive dalfam-
pridine 10 mg (n=52), 15 mg (n = 50), 20
mg (n = 57), or placebo (n = 47) twice
daily for 14 weeks. Dose escalation oc-
curred over two weeks for patients re-
ceiving higher doses of dalfampridine.
After the 14-week trial period, patients
were withdrawn from treatment, which
was tapered over one week in the higher-
dose groups. Patients were then ob-
served for an additional two weeks.

Enrolled patients ranged from 18 to
70 years of age with MS of any type, and
their average score of two timed 25-foot
walk (T25FW) tests was 8 to 60 seconds.
Patients were excluded if they experi-
enced a recent relapse or medication
change. In this trial, all four treatment
groups were comparable in baseline
patient demographics and clinical char-
acteristics. Compliance with study med-
ication was greater than 96% and compa-
rable between groups.

The primary endpoint was the per-
centage of change from baseline in aver-
age T25FW. The secondary endpoint
included change from baseline scores in
the Lower Extremity Manual Muscle
Test (LEMMT), the Ashworth Scale for

spasticity, the Subject Global Impression
(SGI), the Clinical Global Impression
(CGI), the 12-Item Multiple Sclerosis
Walking Scale (MSWS-12), the Multiple
Sclerosis Quality of Life Inventory
(MSQLI), and the Multiple Sclerosis
Functional Composite (MSFC) and its
components, the Nine-Hole Peg Test (9-
HPT) and Paced Auditory Serial Addi-
tion Test (PASAT). The investigators
assessed the drug’s safety by monitoring
adverse events (AEs), vital signs, physi-
cal findings, laboratory test results, and
electrocardiograms (ECGs).

In evaluating the primary endpoint,
the researchers noted that the percent-
age of change from baseline in walking
speed did not differ significantly between
any of the dalfampridine groups or
placebo patients. However, all three
treated groups had larger increases in
walking speed, and a greater proportion
of treated patients experienced more
than a 20% increase in walking speed
(23.5% with dalfampridine 10 mg; 26%
with 15 mg, 15.8% with 20 mg, and 12.8%
with placebo).

During the trial, improvement in
LEMMT scores was greater with dal-
fampridine 10 mg (P =0.018) and 15 mg
(P=0.003), compared with placebo; how-
ever, this change did not apply to the
20-mg dose. No significant differences
in any other assessed secondary meas-
ure were observed.

There was no significant difference in
overall frequency of AEs in the dalfam-
pridine 10-mg (87%) and placebo groups
(81%). It is noteworthy that the most
common AEs were falls, nausea, asthe-



nia, headache, fatigue, and insomnia. The
dalfampridine 10-mg twice-daily patients
and the placebo-treated groups differed
most significantly in regard to falls (19%
with dalfampridine vs. 11% with placebo,
respectively) and asthenia (19% vs. 2%,
respectively).

Patients who received higher doses
(15 mg twice daily vs. 10 mg twice daily)
experienced an increased risk of insom-
nia (20% vs. 10%, respectively) and dizzi-
ness (20% vs. 4%, respectively). All other
AEs were similar between the dalfam-
pridine and placebo groups. However,
because of the variability of effects seen
with patients taking dalfampridine 20 mg
twice daily, no clear relationship between
doses and AEs could be concluded. For
example, falls were experienced by 19%
of patients receiving 10 mg twice daily
and by 20% of patients receiving 15 mg
twice daily. Only 9% of patients receiving
dalfampridine 20 mg twice daily experi-
enced AEs such as falls.

One placebo patient discontinued
treatment following a myocardial infarc-
tion (MI). None of the patients in the dal-
fampridine 10-mg group withdrew. One
patient receiving dalfampridine 15 mg
withdrew because of nausea and dizzi-
ness, and five patients in the dalfampri-
dine 20-mg group discontinued ther-
apy—two patients because of seizures
and one patient each because of abnor-
mal coordination, chest discomfort,
headache, and complex CNS effects. No
deaths were reported. Some patients had
clinically significant changes in labora-
tory values, vital signs, or ECG findings,
but there were no apparent trends within
or between the treatment groups.

The results suggest that dalfampridine
10 mg twice daily had a more favorable
benefit-to-risk profile compared with 15
or 20 mg twice daily. The researchers
indicated that using a responder ap-
proach (analysis of walking speed) could
demonstrate a clinically meaningful ef-
fect in patients with walking impairment
caused by MS.

Goodman et al.”® (MS-F203)

The efficacy and safety of dalfampri-
dine for improving ambulation in adult
patients with MS were investigated fur-
ther in a phase 3, multicenter trial con-
ducted throughout the U.S. and Canada.
During the study period, 300 patients
were randomly assigned to receive ei-

ther dalfampridine 10 mg or placebo
twice daily. After the 14-week treatment
period, patients were observed for an
additional four weeks. Enrolled patients
were 18 to 70 years of age with more
than a two-month history of MS of any
type. The average T25FW test was 8 to 45
seconds.

Patients with a history of seizures and
those with recent changes in their ther-
apy for MS (drug or dosage) were ex-
cluded. Treatment groups were compa-
rable in baseline patient demographics
and clinical characteristics. Compliance
with study medication was greater than
97% for both treatment groups.

The primary endpoint was response to
treatment, which was defined as a faster
walking speed on two T25FW tests on at
least three of four visits, compared with
the maximum speed for any of five base-
line off-treatment visits. The test was per-
formed twice at each visit, allowing a
maximum of five minutes of rest between
each test. The average of both scores
was used in analysis. Missed assess-
ments were assumed to fall within the off-
treatment range. Patients were allowed
to use assistance devices as long as they
were used consistently for all visits.

Secondary endpoints included change
from baseline in the Ashworth scores for
spasticity and Lower Extremity Manual
Muscle Test LEMMT) scores. An aver-
age post-baseline value was assigned for
any missing secondary values during the
treatment period. Ashworth scores for
spasticity and LEMMT scores were strat-
ified by response. Safety was also as-
sessed by monitoring AEs, vital signs,
clinical laboratory measures, and ECGs.

Of the 300 patients enrolled in the trial,
35% of those receiving dalfampridine and
8% of those receiving placebo reached
the primary efficacy endpoint. Higher
proportions of patients receiving dal-
fampridine showed improvement in av-
erage change from baseline in MSWS-12
scores (—6.84) than did non-responders
(0.05). This indicates a reduction in self-
assessed ambulation disability in timed-
walk responders.

The average changes from baseline in
walking speed in dalfampridine-treated
responders were 25.2% and 4.7% in the
placebo group, and the increase in walk-
ing speed was maintained over the 14-
week treatment period. The average
change from baseline in walking speed in
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dalfampridine-treated non-responders
was 7.5%, which was significantly greater
than the average change for the placebo
group at the earliest double-blind period
visit only.

Dalfampridine-treated responders and
non-responders showed more improve-
ment in average Ashworth scores com-
pared with the placebo group, but the
difference between the dalfampridine re-
sponders and placebo groups was not
significant.

During the treatment period, average
improvement in LEMMT scores for dal-
fampridine-treated responders was 0.18,
compared with 0.04 for the placebo
group. The dalfampridine-treated non-
responders also experienced greater
improvement in average LEMMT scores
(0.11), compared with placebo subjects
(0.046).

Rates of AEs were similar in all treat-
ment groups. The most frequently re-
ported AEs among all patients included
falls, urinary tract infections, dizziness,
insomnia, fatigue, and pain-related symp-
toms. One or more serious AEs were re-
ported in 16 dalfampridine patients (7%);
two of these AEs were considered to be
potentially related to therapy (one case of
severe anxiety in a patient with pre-
existing anxiety and insomnia and one
focal seizure in a patient). Eleven dal-
fampridine patients and none of the
placebo patients discontinued therapy
because of AEs. No patients died during
the course of the study.

At the end of the trial, the clinicians re-
ceived a summary questionnaire show-
ing that they had correctly identified
drug assignment for 38% of the dalfam-
pridine patients and 33% of the placebo
individuals. However, no significant un-
blinding was suspected.

MS-F204'7'8

The positive findings demonstrated by
the MS-F203 study allowed for a second
pivotal phase 3 trial of dalfampridine
(MS-F204). In this multicenter trial, 239
patients throughout the U.S. and Canada
were randomly assigned, in a 1:1 ratio, to
one of two treatment groups for nine
weeks. The timeline of the study specif-
ically incorporated one week of screen-
ing, two weeks of placebo, nine weeks of
double-blind treatment (dalfampridine
10 mg vs. placebo twice daily), and two
weeks of follow-up (14 weeks total).
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Patients had to be 18 to 70 years of
age with a history of MS of any type and
an average T25FW test of 8 to 45 sec-
onds. Patients with a history of seizures
or recent changes in their therapy for
MS (medication or dosage) were ex-
cluded.

The primary endpoint was the re-
sponse to treatment based on increased
walking speeds (measured by two
T25FW tests) on at least three or four vis-
its during the treatment period compared
with maximum speed during any other
visits while they were off treatment. A
secondary endpoint was improved leg
strength, as measured by a change from
baseline in Ashworth scores for spastic-
ity and LEMMT scores among timed-
walk responders and non-responders in
both study groups. Using this second-
ary endpoint, researchers could analyze
the participants’ leg strength in correla-
tion with the primary endpoint of walking
speed.

The safety of dalfampridine was eval-
uated throughout the entire study pe-
riod, and efficacy was evaluated over the
nine weeks of double-blind treatment.
Pharmacodynamic data were also col-
lected in the final week in order to de-
termine the effectiveness of treatment.

Ofthe 239 patients enrolled in the trial,
42.9% of those receiving dalfampridine
and 9.3% of those receiving placebo
reached the primary efficacy endpoint.
Participants in the dalfampridine group
also showed a significant increase in
walking speed of at least 10%, 20%, or 30%
from baseline values, compared with the
placebo arm. A higher percentage of
patients receiving dalfampridine also im-
proved in average change from baseline
MSWS-12 scores (-2.54) than those re-
ceiving placebo (0.83), indicating a
significant reduction in self-assessed
ambulation disability in timed-walk
responders (P=10.036).

A greater average improvement of
LEMMT scores was also observed dur-
ing the treatment period in the dalfam-
pridine responders compared with the
placebo patients (0.145 vs. 0.042, re-
spectively; P = 0.028) As for dalfampri-
dine non-responders, similar nonsignifi-
cant improvements in average LEMMT
scores were observed in both study
groups.

Participants also completed a Subject
Global Impression (SGI), allowing for a
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subjective analysis of each patient’s per-
ception of health status. Interestingly,
this assessment demonstrated no signif-
icant difference between the treatment
groups in their perception of events on
their physical well-being (placebo, —-0.04;
fampridine, 0.09).

Treatment-related AEs were reported
more often for dalfampridine than for
placebo. A similar number of patients in
each group discontinued treatment be-
cause of AEs. The most frequently re-
ported AEs among all study participants
included urinary tract infections (17.5%
with dalfampridine vs. 8.4% with placebo,
respectively), falls (11.7% vs. 16.8%), in-
somnia (10.0% vs. 1.7%), headache (9.2%
vs. 0.8%), asthenia (8.3% vs. 4.2%), dizzi-
ness (8.3% vs. 0.8%), nausea (8.3% vs.
0.8%), and pain-related symptoms (5.8%
vs. 1.7%). No deaths occurred during the
study, but one or more serious AEs were
reported in 2.5% of the dalfampridine
group and in 4% of the placebo group.

In both phase 3 trials, participants
were permitted to continue all previously
prescribed medications for MS (i.e., im-
munomodulators) as long as they were
stable with these agents for at least 60
days. Of all patients included in these tri-
als, 63% were receiving concomitant im-
munomodulatory therapy; however, it
was determined that the degree of im-
provement in walking ability was not re-
lated to these medications.

ADVERSE DRUG
REACTIONS'’-'?

The most common AEs reported with
the use of dalfampridine include urinary
tract infections, insomnia, dizziness,
headache, nausea, asthenia, back pain,
impaired balance, MS relapse, pares-
thesia, nasopharyngitis, constipation,
dyspepsia, and pharyngeal pain. Dal-
fampridine has not been noted to pro-
long the corrected QT interval (QTc) or
to have a clinically important effect on
the duration of the QRS interval; how-
ever, a dose-dependent increase in the
incidence of seizures has been observed
in various clinical trials. Therefore, pre-
scribers and patients should be judicious
with drug dosage and administration.

DRUG INTERACTIONS'"'®

To date, no clinically significant drug
interactions have been identified with the
use of dalfampridine. However, patients

should be encouraged to inform their
health care practitioners of all prescrip-
tion, herbal, and over-the-counter med-
ications they are taking.

CONTRAINDICATIONS '8

The use of dalfampridine is contra-
indicated in patients with a history of
seizures and in those with moderate or
severe renal impairment, defined as a
creatinine clearance (CrCl) of 50 mL/
minute or less.

PRECAUTIONS AND
WARNINGS'"'®

The risk of seizures increases as the
dose of dalfampridine increases. It is also
suspected that drug plasma levels in
patients with mild renal impairment
(CrCl, 51-80 mL/minute) might be
associated with an increased risk of
seizures as well. Therefore, renal func-
tion and seizure risk must be assessed
before dalfampridine therapy is begun. If
seizures occur while the patient is taking
dalfampridine, the drug should be dis-
continued and not re-initiated.

As a Pregnancy Category C drug, dal-
fampridine should not be taken with any
other forms of 4-aminopyridine. Dalfam-
pridine should be used with caution in
nursing mothers because it is unknown
whether it is excreted in human milk.

DOSAGE AND
ADMINISTRATION'"'8

The maximum recommended dose of
dalfampridine is 10 mg twice daily, taken
with or without food. No additional ben-
efits are observed with doses above this
maximum. Each dose should be taken
about 12 hours apart, and patients should
be discouraged from taking double or
extra doses if a dose is missed. Tablets
should only be taken whole; they should
not be divided, crushed, chewed, or dis-
solved.

Dalfampridine (Ampyra) is supplied
as 10-mg film-coated, extended-release,
white to off-white, oval tablets. The prod-
uct should be stored at room tempera-
ture (25°C, or 77°F), with variations per-
mitted between 15 and 30°C (59° to
86°F).

COST*

According to the 2010 edition of Red
Book, the average wholesale price of a
bottle of 60 tablets is listed as $1,267.39.
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CONCLUSION

During the course of MS, the majority
of patients experience walking difficul-
ties. Dalfampridine offers a novel thera-
peutic option for these patients, as
demonstrated by the increases in walk-
ing speeds observed in various clinical
trials. It is a safe and well-tolerated agent
that may be used alone or in combination
with other MS therapies.

P&T committees, as well as pharmacy
benefit management (PBM) organiza-
tions, should consider the addition of dal-
fampridine to their formularies for MS
patients with walking difficulties despite
appropriate maintenance therapy. The
cost of treatment may actually be con-
siderably less than the overall long-term
costs of MS because of the drug’s po-
tential to improve quality of life for many
patients and to delay or prevent debili-
tating complications resulting from mo-
bility problems.
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